Introduction
gion have inferred crustal stretching from the early Eocene onwards (Lagabrielle et al. 2009;  The uncertainty related to the role of gateways in long-term climate evolution, as well as 1 the increasing need for more detailed knowledge of Cenozoic ocean current development in 2 general, stimulates modeling studies on the impact of gateway changes on ocean circulation The original geography will also be discussed as a secondary set of experiments in the sensi-2 tivity study below, where both geography is altered, and the southern hemisphere westerlies 3 are shifted. Motivation for these sensitivity studies of the true paleolatitude of the Tasman   4 Gateway arises as comparisons of Eocene paleogeographies may vary about 6 degrees in the 5 SW Pacific region dependent on which reference frame is used: a hotspot versus a paleo-6 magnetic reference frame (van Hinsbergen et al. 2015) .
7
We have run the model to equilibrium for a period of 9000 years in 4 configurations, where Furthermore, it provides the flexibility to conduct many simulations at once, each represent-19 ing different scenarios. To provide backup for the realistic setup of our model and cover both 20 uncertainty in the location of the wind fields, and their possible changes, our study promi-
21
nently features experiments where the winds have been shifted, precisely to test robustness 1 of the results and cover the changes a fully coupled system might exhibit. Furthermore, a 2 simulation with an alternative wind field is explored in the Appendix. Nonetheless, there 3 could potentially be benefits to examine first order geostrophic feedbacks on the wind, an 4 option that is present in the UVic model. 
Results

6
The latitudinal section of the zonal velocity through the TG gap for the DP closed case is 7 shown in Figure 1a and the DP open case in Fig. 2a . In the simulation with the Southern
8
Tasman Gateway open, a closed DP leads to a westward flow throughout the water column 9 near Antarctica, and shallower eastward flow to the north (Fig. 1a) . In contrast, the flow is 10 eastward throughout the gap when the DP is open (Fig. 2a) . In this simulation, the eastward 11 flow is weak throughout most of the gap, but strong at its northern margin.
12
To examine the sensitivity of these results to boundary conditions, we have conducted two shifting procedure is essentially equivalent to Sijp and England (2008) , and we refer to this 19 work for reference. We will refer to the original simulations without the modification as 1 the "standard" case. In this modified model configuration, the flow pattern (Fig. 1b) is very 2 similar to the standard case with DP closed (Fig. 1a) . Similarly, in the DP open case, the 3 flow pattern remains eastward throughout the TG gap, again with weak flow through most 4 of the gap, with the exception of the northern margin (Fig. 2b) . Note that, in contrast to the 5 corresponding standard simulation (Fig. 2a) , there is weak westward flow in a very narrow 6 band below 250m depth; nonetheless, the general flow is overwhelmingly eastward. where flow is eastward throughout the TG gap in the DP open case (Fig. 2c) , while there 14 is a westward current near Antarctica in the DP closed case (Fig. 1c) . We conclude from 15 our four additional simulations that our results are robust with respect to the location of the 16 major wind circulation patterns and geography.
17
From here on, we will focus on the standard simulations. First, we examine the oceanic 18 horizontal circulation. With DP closed, the circulation of the Southern Ocean is split into 19 two subpolar clockwise gyres, the "Ross Sea gyre" to the east of Australia, and a "Weddell within the latitudes of negative wind stress curl (with a small exception in the wind shifted 13 case). This shows that the direction of the flow is not only determined by the wind field, but 14 also by the continental geometry.
15
Dinoflagellate biogeography and ocean circulation.
16
To examine links between Eocene ocean circulation and dinoflagellate biogeography, we First, we examine four simulations where the DP remains closed. Perhaps as might be ex-17 pected, unable to cross the TG and lacking alternative routes, tracer "species" remain on the 18 side of the TG where they were released when the TG remains closed (Fig. 5a,b) . However, tration along the Antarctic coast of the AAG in Fig. 5d . This is also because of the westward 5 flow through the TG (Fig. 4) . The biogeography that can be inferred from our results is in patterns inferred from the model is unrelated to the regional environmental differences (e.g.,
10
temperature) but only the result of current vectors distributing the dinocysts in the region. on their corresponding side of that land bridge (Fig. 6a,b) , although very small concentra- Ma, and and not earlier. Temperature changes in response to gateway opening.
17
The opening of the TG in our model configuration where the DP remains closed leads to no 18 significant sea surface temperature cooling (Figure 7 ). This is in contrast to the hypothesis ocean dynamics background to the finding of (Bijl et al. 2013 ) and other studies that point to 22 this current. simulations. We show results averaged over the last 10 years of simulation. gateway when open (Fig. 9b) . In a vertical section through the Tasman gateway ( 
